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Two families of Porifera are represented in Lake Baikal, Russia: cosmopolitan Spongillidac 
and cndemic Lubomirskiidae. Systematics and phylogeny of Lubomirskiidae are still poorly 
known. Indeed, there is little agreement on the origin of freshwater sponges in general, and 
this group is considered to be polyphylctic. Latest morphological and embryological data 
indicate that Lubomirskiidae and Spongillidae are closely related. Using molecular data we 
explored the possible origins of Lubomirskiidae and determined the closest relatives of 
Spongillidae and Lubomirskiidae among marine sponges. Partial sequences of 18S rDNA 
for Halichondria japonica, Lubomirskia abietina, Swartschewskia papyracea, Spongilla 
lacustris and Ephydatia muelleri were compared with available sequences of 18S rDNA of 
other Porifera from the GenBank. Parsimony and neighbour-joining analyses gave trees of 
similar topology. Molecular data were in accordance with the notion of close relationships of 
endemic and cosmopolitan families. Some marine sponge families are assumed to be related 
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Three families of Porifera inhabit freshwater: 
Spongillidae, Lubomirskiidae and Potamolepi- 
dae. The problem of the origin of endemic and 
cosmopolitan freshwater sponges, their relation- 
ships with each other and with marine sponges, 
repeatedly attract the attention of scientists. 
Marshall (1885) suggested freshwater sponges 
were polyphyletic, with Renieridae (Haplo- 
sclerida) possibly being their closest marine 
relative. The idea of a polyphyletic origin for 
freshwater sponges was subsequently discussed 
and emphasised by many authors. In describing 
the genus Sterastrolepis, bclieved to be a Neo- 
tropical representative of Potamolepidae, 
Volkmer-Ribeiro & De Rosa-Barbosa (1978) 
noted that the characteristics ofits gemmoscleres 
were too different to assign this family to Haplo- 
sclerida. On the basis of gemmule structure, 
gemmosclere and skeleton peculiarities, they 
confirm Briens’ (1970) assumption about the 
close relationship of Potamolepidae with Hadro- 
merida. They also favour the hypothesis of a 
passive mechanism of invasion into freshwater 
habitats by marine sponges, noting that endemic 
freshwater genera (e.g. Ochridaspongia, Pachy- 
dictium, Lubomirskia) have been recorded from 


ancient lakes, remnants from past sea levels, but 
not from estuarics. Evidence for a hadromerid 
origin of some freshwater sponges (Volkmer- 
Ribeiro & Watanabe, 1983) is also provided by 
the Japanese sponge Sanidastra yokotonensis. 
Volkmer-Ribeiro (1990) also hypothesised that 
the Neotropical genus Metania may be related to 
the marine poecilosclerid genus Acarnus. 
Conversely, Racek & Harrison (1975), using 
palaeontologic data, suggest that Spongillidae 
was monophyletic having evolved from Radio- 
spongilla stock. 


The endemic family Lubomirskiidae, inhabit- 
ing Lake Baikal, has approximately 10 species 
belonging to 3 genera: Lubomirskia, Baikalo- 
spongia and Swartschewskia (Rezvoi, 1936). At 
present the systematics and phylogeny of this 
family is still poorly known. The history of study 
on the origin of Lubomirskiidae shows a number 
of contrary opinions. Dybowsky (1882), 
Swartschewsky (1902), Annandale (1913) and 
Rezvoi (1936) believed Lubomirskiidac was 
closely related to marine sponges and not to 
Spongillidae, owing to their considerable morph- 
ological differences. Later palaeontological 
studies (Martinson, 1940) hypothesised that 


MEMOIRS OF THE QUEENSLAND MUSEUM 


Lubomirskiidae were representatives TABLE 1. Classification of the species used in this study. 


of the mezolimnological fauna, | 
originating mueh later than the usual 


palaeolimnological fauna to which 


Spongillidae belongs. In contrast to 
these beliefs, the latest eomparative 


morphological data indicate a close 


relationship betwcen Spongillidae 
and Lubomirskiidae (Efremova, 


1981), supported by data on their loss 
of sexual reproduction by gemmules 
as an adaptive feature (Efremova, 


1994). To solve contradictions in the 
systematic and phylogenetic in- 


terpretation of morphological data | 4uhomirskia abietina 
| 


rDNA analysis is now widely used 
(e.g. Christen et al.. 1991; Halanyeh, 


1991). Although this method has been : Ephydatia muelleri 


succesfully used for some marine 


sponge families (Lafay et al., 1992; 


West & Powers, 1993; Kelly-Borges 


& Pomponi, 1994) there are no prev- 
ious studies on molecular phylogeny 


of freshwater sponges. In this study 


we apply partial 18S rDNA sequence 


analysis, firstly to explore the origin Sepp cale Sycettida: Sycettidae) 


Classification ee her References | 

CNIDARIA: ANTHOZOA l i | 
Barer cs aird aayi] | U42453 || Cavalier Smith, 1996 
PORIFERA: DEMOSPONGIAE i, | 

acacia eet ee) U43190 | Cavalier-Smith, 1996 

| Spirophonida: Tetillidae) D15067 | Kobayashi et al., 1993 

[erecto | L10825 | Wii 1993 
a A ondria) AF058946 this study 
(Haplosclerida: Lubomirskiidac) AF058947 _ this study 

[SRR Et y | a | id 

| (Haplosclerida: Spongillidae) AFO58949 this study 

a at elende Sports] AF058945 this study 
PORIFERA: CALCAREA o | 

| Calcina: Clahrinida: Clathrinidae) U42452 | Cavalier-Smith. 1996 

Ie estonia: Sy callida, Sycettidae) L10827 | Wainright, 1993 
Sexpha calcuravis D15066 | Kobayashi et al., 1993 


of Lubomirskiidae, and secondly to 
obtain new data on the origin of fresh- 
water sponges in gencral. 


MATERIALS AND METHODS 


Specimens of Lubomirskia abietina, Swarts- 
chewskia papyracea, Spongilla lacustris and 
Ephydatia muelleri were colleeted from Lake 
Baikal (Russia) and specimens of Halichondria 
japonica were eollected from Desaki seashore 
(Japan) by SCUBA diving in depths between 
0.5-13.5m. All specimens were photographed 
alive. Data on ecology, habitat and texture were 
recorded. Part of each sample was fixed in 70% 
ethanol for taxonomic identification, another part 
was frozen in liquid nitrogen for molecular 
analysis. Total genomie DNA extraction was 
performed with standard phenol method 
(Sambrook et al., 1989) and with CTAB method 
(Gustincieh et al., 1991). PCR primer design was 
performed by alignment of Porifera 18S rRNA 
sequences available from GenBank (see Table 1). 
As sponges harbour a large number of symbionts, 
in addition to universal primers, sponge-specific 
primers were also designed. The primers 
correspond to the V4 and V5 regions of 18S 
tRNA: R1 (5’°-TAAAAAGCTCGTAGTTGGAT-3’; 
forward, universal, eorrespond to positions 
629-647 in Axinella polypoides 188 tRNA 


(GenBank accession number U43190)); LI (5”- 
GGACTACGACGGTATCTGAT-3’; reverse, 
universal (1008-1026)); R2 (5”-GTAGTGGC 
CTACCATGGTTGC-3"; forward, sponge-specific 
(342-361)); L2 (5”-CTAATTTTTTCAAAG 
TAAACGTCCCGA-3’; reverse, sponge-specific 
(749- 777)). 


The primers were synthesised by H-phos- 
phonate method. Two overlapping fragments of 
the 18S rRNA gene (400bp each) were amplitied. 
A 25ul PCR reaction mix contained 2.5u1 of 
10xPCR Buffer (Promega), 3p1 of MgCl, 
(25mM), 0.5ul of each primer (10pmol/pl), ll 
of dNTP mix (100mM eaeh), lul of DNA 
(0,1118), 0.2111 of Taq DNA polymerase, 25ul of 
ddH,0. Cycle parameters were: initial denatur- 
ation at 94°C for 120secs, followed by 40 cyeles 
of denaturation at 94°C for 60secs, anneling at 
45°C for 60secs, and extension at 72°C for 
60secs, followed by a final extension of 8mins at 
72°C. About 6 tubes of each PCR reaction were 
purified by electrophoresis in low melting 
agarosc. PCR fragment purification was carried 
out twice with equal volume of phenol, followed 
by precipitation by 2 volume of ethanol and 0.1 
volume of 10M ammonium acetatc and washing 
in 70% ethanol (Sambrook et al.. 1989). PCR 
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Lubomirskia CGGGTGACGGAG AATTGGGGT TCGATTCCGGAGLGGGAGCCTGAGALACGECTACTAC 
Suartshewskia ....... A nas GUE aan ela, a> wiles wits, intel cunt let eve) IA ANS 
Spongilla aa A ESO e oa Sukie iad AA erate O CIS aia eer 
Ephydatia ala Bie Ci sialeye teen ace ee echo Weise Pus Mane (ny Sho, IET o A aaa dada Faces es 
HAaTIGHONACÍA uta Sore ek ce SF ere ANS e a e aaa se 


Lubomir skia CC AAGGAAGGC AGC AGGCGCGCAAATTACCCAATCCCGAC TC GGGGAGGTAGTGACAA 


SwartsheusklQ .....oooooooooooooorocrrrnrrrorrrnrorro... a ta a e 
Spongilla —-— c.oooor.oo.srrran carcasas CA A «0 sses ... 
Ephydatia Lara as a a o a a a 10) E eee) aap) 01's 
Halichondria AM as a aos eee 


Lubomirskia AATAACAATGCCGGGCTATCTTTAGTCTGGCAATTGGALTGAGAACAATSTARBTACCE 
SWALTTSHEUSKIA 1, ccs ee cc eee cece weweesees DEEA A eee UA Cue. 
Spongilia a a cl daa a a 
Ephydatia  ..... Soe a DAR A a O O bs 
HATVONONACETA 2 0 a oa oe Vies Ciara jala e ee 


Lubomirskia DACCAGGALC AATTGGAGGGC AAGTCTGGTGCCAGCAGCCGCGGTALTTCCAGCTCCA 
SWALESHEWSKIA cece perce neces ere cree renee see et sees reece asec eeeeessons 


3pongilla == .. momo... a Nan ad A SA leia cios wie ele 
Ephydatia bi ad sei E IN Beare Game oen ere ake eas A, Shia gah arb ata (oR ols nd ob ets Shake 
RAVIOHOMAL HE Lai earlier oho, ap aj shone OS A e 


Lubomirskia AGCGTATATTAAAGTTGTTGCAGTTAAARAGCTOGTAGTTGGATTTOGGGGCAGGAGG 


Suartshenskia ....oooooooooooooroooor$»<o»r.. E OO lager ais 
Spongilla wild, aa a o ss 6 ae 
Ephydatia O RENE E E AnD ORAR RRE AECE ae 


Halichondria s.occm...o.-. ais a DER ser TEWOC Te 


Lubowirskia CGGTCCGCCGAAAGGTAGGT ACTGGACGCCAGCCCTTTTTCTCGLASGCCCCATC TGC 
SWArteShewSk1a ....ooooooooooooono ono cseavcrsseesesecsesvessesesresesces 
Spongilla A A REO (A O Aa NR 
Ephydatia AE oleae e aaa e TN REEE ata As ia tates 
daliciondria (Toscar diia ss Olor AG 5:5 vie OAN 


Lubomirskia TTCACTG-AGTGGTAGGGGAGTTCGGGACGTTTACTTTGAAAARATTLGAGTSTTC AA 


SUArtshew3kia ....oo.oooooooooooooosoprrrosronsrnsrrnnrr sos. oe 
Spongilla ARES O aa e Ea e NS 
Ephydatia aa E OO NAO 
Halichondrliar idas ia a O ee ea as 


Lubomirskia CAGGCCGTCGCTTGAATACGTTAGC ATGGAAT AA TGGAATAGGACTTCGGTTCTATTT 
Swartshewskia ........ Ts els od a a enep arene eke 
Spongilla A ota qeveyshohad oa ace aula Gi a aa aa RT ORO CO 
Ephydatia Raia) O E ye sare che la as Oe A ol al Ryarelakay seth ase # 
Ralichondria ..... Tiel Ove cies TRA vo ee hesiee ee se AA ON 


Lubomirskia TTGGTTTCTGGGACCGAAGTAATGATTAAGAGGGACAGTTGGGGGCATTCGTATTCAA 
SWartshevwskKlQ ....oooooooorooororrr9cncrrncnrorccrroncorocroranrroorro.o 
Spongilláa ....... ON Sopa A ri rae: Ore ace RENEE 
Ephydatia RO ME O 
Halichondria .«o+ooooomdrooGrcooonoooooconsocosooor.o IO YT .TT- 


Lubomirskia GTCAGAGGTGAAATTCTTGGATTTATGGAAGACGAACAACTGCGAARGCATTTGCCAA 


Syartsheuskila ...o.oooooooo.o.o».» A oa ETEEN FA aa 
Spongilla A OO A O O ON ACA OO 
Ephydatia O O O DEN OA OCN è 
Halichondria —m..ocoosonsorsnrnsrrnnnaña i AA A O wide, ese 


Lubomirskia ATGTTTTCATT 
Swartshewskia ....oooo... 
Spongilla ako Sera tape Buel 
Ephydatia ..... sessaa 
Halıchondria  +...oo.oo.... 


FIG. 1. Alignment of partial 18S rDNA sequences (630 bp) obtained. Only nucleotides that differ from those of 
Lubomirskia abietina are indicated (identities are denoted by points and deletions by hyphens). GenBank 
accession numbers are: Halichondria japonica AF058946, Lubomirskia abietina AF058947, Swartschewskia 
papyracea AF058948, Spongilla lacustris AF058945 and Ephydatia muelleri AF058949. 


fragments were sequenced on 
both strands using fmol DNA 
sequencing System (Promega) 
according to the published 
protocol. Cycle parameters 
were: initial denaturation at 
95°C for 120secs, followed by 
30 cycles of denaturation at 
95°C for 30secs, anncling at 
42°C for 30secs, and cxtension 
at 70°C for 60 secs. The struc- 
tures obtained were aligned 
manually with the help of the 
GeneTools package (Resenchuk, 
1991). Neighbour-joining an- 
alysis was derived using 
Treecon for Windows (Van de 
Peer, 1994). The distance 
estimation was carried out 
using the formula of Kimura 
(1980). Bootstrap values were 
calculated from 100 replicates. 
Parazoanthus axinellae was 
used as the outgroup. Programs 
SEQBOOT, DNAPARS and 
CONSENSE of PHYLIP 3.5c 
package (Felsenstein, 1995) were used to 
construct maximum parsimony trees. Bootstrap 
analyses with 100 replications were carried out. 


RESULTS AND DISCUSSION 


We obtained partial 18S rRNA gene sequences 
(~630bp) for five species of Porifera. GenBank 
accession numbers are as follows: Halichondria 
japonica (AF058946), Lubomirskia abietina 
(AF058947), Swaritschewskia papyracea 
(AF058948), Spongilla lacustris (AF058945) and 
Ephydatia muelleri (AF058949). Two specimens 
of each species were used to obtain sequences. 
All structures were aligned successfully, and 
common length ofalignment was 630bp (Fig. 1). 


There are a few nucleotide differences between 
18S rDNA structures obtained for freshwater 
sponges compared to those from marine sponges. 
Sequences from the marine sponge H. japonica 
have many more transitions/ transversions cvents, 
and insertion/deletion events were observed only 
this species. Lubomirskia and Ephydatia show no 
nucleotide differences in their 188 rDNA 
sequences, indicating a very high level of genetic 
relationships between them. 


To study the molecular relationships between 
freshwater and marine sponges, sequences from 
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FIG. 2. Phylogenetic relationships of the Lubomirskiidae, Spongillidae and 
other Porifera based on neighbour-joining analysis of 18S rDNA (630bp). 
Bootstrap percentages are shown at the nodes for 100 resamplings. 
Parazoanthus axinellae used as the outgroup. 


other Porifera available from GenBank (see 
Table 1) were included in the alignment. 


Figure 2 shows a tree obtained by neighbour- 
joining analysis with Parazoanthus axinellae as 
the outgroup. High bootstrap values show that all 
clusters are statistically significant. Spongilla, 
Lubomirskia, Swartschewskia and Ephydatia 
form a common clade. A sister branch formed by 
Axinella and Microciona is the most closely 
situated to this clade. Parsimony analysis. 
performed on the basis of these sequences, 
provides a similar topology (not shown here). 
These data confirm that freshwater sponge 
genera form a closely related group and, except 
for Axinella and Microciona, Halichondria and 
Tetilla, also refer to the neighbouring cluster. 


Thesc molecular data are in accordance with 
the notion of a close relationship between 
endemic and cosmopolitan families. They do not 
support the idea that Lubomirskiidae has an 
independent origin from Spongillidae. These data 
also suggest that the assumption of Racek & 
Harrison (1975), that endemic genera in the 
ancient lakes appeared independently of the 
cosmopolitan fauna, is invalid as far as Baikalian 
Lubomirskiidae is concerned, 


Branch length shows that divergence of Lubo- 
mirskiidae and Spongillidae took place much 
later than divergence of their common ancestor. It 
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provides support for Efremova (1981) that 
Lubomirskiidae is not a relic fauna, but a 
flourishing group of Lake Baikal organisms. This 
also confirms Talievs’ (1955) opinion about the 
relatively fast evolution of the Lake Baikal fauna. 
It will be interesting to check this assumption 
using palaeontological studies of sponge spicules 
in the bottom sediments of Lake Baikal. 

It is possible that the scenario of Baikalian 
sponge fauna formation is similar to that of the 
Baikalian Turbellaria, which is closely related to 
cosmopolitan species (Timoshkin, 1995). Thus, 
although a part of Lake Baikal fauna really has 
marine origin, Baikalian sponges have a typical 
freshwater origin. 

However, as the evolution of animal 18S rDNA 
is non-clock-like, it is advisable to conduct 
investigations into the cytochrome oxidase genes 
whose sequences are not yet available for 
Porifera. This study would allow estimates to be 
made of divergence times between Lubo- 
mirskiidae and Spongillidae. Our tree also 
demonstrated an earlier divergence of Spongilla 
from the common branch of freshwater sponges. 
However, the few freshwater genera yct 
analysed, and insufficient variability of 18S 
rDNA, does not yet provide any unequivocal 
support to hypothesise relationships between 
certain freshwater genera. To study relationships 
between closely related freshwater genera, we 
need data from more variable regions of the gene. 
Work on internal transcribed spacers (ITS1 and 
ITS2) is currently in progress. Trochospongilla is 
likely to be a possible direct ancestor of 
Lubomirskiidae. This genus has no microscleres, 
and spicules have maximal mutability. Accord- 
ing to preliminary data, Axinella, Microciona, 
Halichondria and Tetilla are the most closcly 
related to the present freshwater sponges. It is 
probable, however, that obtaining new data on 
the other marine sponge sequences, for example 
other Haplosclerida, will substantially change 
the scheme presented hcre. 
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